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[57] ABSTRACT

A photoreceptor charge control arrangement to be
employed for electrophotographic copying apparatuses
wherein a specific circumferential portion on a umni-
formly charged photoreceptor is first exposed by a
referenced exposure source to a specific amount of
exposure and successively, the surface potential of the
circumferential portion mentioned above is detected
either at the relative position immediately before a posi-
tion for an imagewise light exposing station or at the
position juxtaposing the position of the station men-
tioned above, so that the successive comparison of the
surface potential thus detected with a fixed reference is
capable of effectively providing an appropriate control
signal which can be employed. t0 compensate the
amount of exposure of the exposure source, irrespective
of the surface condition of the photoreceptor.

6 Claims, 18 Drawing Figures
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1
FLECTROPHOTOGRAPHIC DENSITY CONTROL

BACKGROUND OF THE INVENTION

This invention relates to an electrophotographic
copying apparatus Oor more particularly, to an electro-
photographic image density control or a photoreeepter
charge control arran gement.

In the situation of varying temperature and humidity
characteristics, and further, of consecutive operating
duties of an electrophotographic copying apparatus, the
steady and uniform distribution of the surface potential
on the photoreceptor is not generally expected, causing
an undesirable influences on the reproducibility of the
images to be transferred, or especially, on the reliable
reproducibility of the eleetmphotographle image den-
sity.

More specifically, in the copying apparatus of latent
image transfer type wherein a latent image created on
the electrophotographic photoreceptor is electrostati-
cally transferred onto a copy paper composed of respec-
tive insulating and conductive layers and the . .image
mentioned above is successively developed, the non-
uniform distribution or, variation of the surface poten-
tial on the above-mentioned photoreceptor is quite un-
desirable, due to the fact that the variation of the surface
potential on the above-mentioned photoreceptor sub-
stantially affects the reproducibility of the image to be
copied. That is to say, the surface potential relatively
representing the original portion having a low picture
image density on the surface of the photoreceptor is to
be approximately the same level as that to be rendered
by a white portion of the original, i.e., non-image bear-
ing portion of the original. Therefore, if the surface
potential is undesirably varied from a fixed reference
due to the reasons mentioned above in the course of the
latent image transferring steps, the transfer of the origi-
nal portion having a low image density mentioned
above is not naturally performed satisfactorily, thus
resulting in dimming and further, even fogging of the
copied images in the case where the white portion men-
tioned above is undesirably charged. Such undesirable
situations as described in the foregmng is inherent in the
electrostatic copying process and is concerned with the
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copying process even with the copying apparatus of 45

powder image transferring type, in which the predeter-
mined relation between the surface potential of the
photoreceptor and the biasing force to be specifically
employed for development is to be resultantly varied.

Accordingly, in order to overcoming the inherent
disadvantages mentioned above and thereby, to con-
stantly obtain copies having a predetermined image
density, various methods comprising a step for detect-
ing the surface potential of the charged photoreceptor
and a successive step for controlling the charge amount
'to be charged onto the photoreceptor subject to the
above-mentioned deteetlen have already been pro-
posed. |

For example, according to the invention disclosed in
U.S. Pat. No. 3,788,739, the photoreceptor has a portion
- for detection w1th1n the area exposed to an image pro-
~ jection so as to be simultaneously exposed to the maxi-
mum exposure radiation intensity. Accordingly, mea-
surement of the surface potential of the portion for
detection, which has already been exposed as men-
tioned above, and successive comparison of the surface
potential to the fixed reference are arranged to provide
a control instruction which can be employed to com-

2

pensate charge, exposure, transfer and development.
However, in the known arrangement as described
above, since an electrometer or surface potential detec-
tor is disposed in a position following the charging and
exposing stations arranged along a process route, even if
the arrangement may be capable of controlling charge,
exposure, and development in a manner as mentioned
above and further maintaining the surface potential to
be a’pparently constant in view of an integral time scale
of run, apriori compensation of charge etc. can hardly
be accomplished. -

More specifically, as may be clear from the discrip-
tion in the foregoing, the surface potential correspond-
ingly prevailing between the charger and the electrom-
eter can not be compensated, even if the electrometer is
to detect the variation of the surface potential on the
photoreceptor, which may be caused by the electrical
parameters specifically concerning the charger and the
radiation lump and/or the successive changes of the
temperature and humidity as described earlier. More-
over, such beinz the case as mentioned above, if the
surface potential is to be kept steady in respect to the
fixed reference, with the charger and radiation source
etc. being momentarily controlled, through the momen-
tary signal output from the electrometer, an oscillation
phenomenon, which is to be effected in a controtl cir-
cuitry due to the existence of the specific control time
lag, can not be avoided. Therefore, according to the
arrangement mentioned above, the momentary outputs
are arranged to be impressed onto the control circuitry
with the help of an integrating circuit means. However,
even such the case as mentioned above, if the capacity
of a capacitor to be employed in the integrating circuit
means is not large enough, it is natural to take a long
period of time before the oscillation is stabilized, or the
control mentioned above is often rendered to be unsta-
ble. On the contrary, if the capacity of the capacitor is
excessive for the intended purpose, the response time
for the respective compensation tends to be delayed
Furthermore, even if the capacity of the capacitor is
predetermined so as to be in an appropriate range within
the two extreme conditions as described in the forego-
ing, the possible capacity of the control circuit for con-
trolling the respective extremes mentioned above are
diminished, thus resulting in a state in which the control

- circuit means mentioned above :is not adaptable for
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compensating the rather large variation of the surface

potential.

Moreover, if the photoreceptor 1s made of a cylmdrl-
cal drum and has a deposited or spattering layer of
photoconductive material thereon then, the non-
uniform deposition of photoconductive material on the
drum is naturally expected and therefore, becomes one
of the reasons causing the surface potential to be unde-
sirably distributed. Consequently, such being the case as
mentioned above, other difficulties for accomplishing
an appropriate control are further encountered, as long
as the separate positioning of the electrometer with
respect to the control circuit means including the char-
ger or the exposing station etc. is left unchanged, the
situation of which can be found in the prior art as de-
scribed in the foregoing.

SUMMARY OF THE INVENTION

Accordingly, an essential object of the present inven-

‘tion is to provide a photoreceptor charge control ar-

rangement, which can effectively compensaie -an
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amount of exposure to be effected through an exposing
station in response to unsteady variation of surface po-
tential on a photoreceptor with respect to a fixed refer-
ence.

- Another important object of the present invention is
to provide a photoreceptor charge control arrangement
of the above-described type, wherein a surface portion
for surface potential detection on a photoreceptor body
already charged is first exposed by the most preferable,
specific predetermined amount of exposure, before a
respective detection of surface potential 1s accom-
plished either at a relative position immediately before a
position of an exposing station or at a position juxtapos-
ing the position of the exposing station.

A further object of the present invention is to provide
a photoreceptor charge control arrangement of the
above-described type, which is simple in construction
and thereby, readily incorporated in various kinds of
electrophotographic copying apparatus.

A still further object of the present invention is to
provide a photoreceptor charge control arrangement of
the above-described type, wherein various kinds of
surface detecting means are arranged to be available, so
that any kind of electrophotographic copying apparatus
can be readily provided with the arrangement of the
present invention. |

In accomplishing these and other objects according
to one preferred embodiment of the present invention,
there is provided a photoreceptor charge control ar-
rangement.

More specifically, in an electrophotographic copying
apparatus which comprises at least a body having a
photoreceptor surface thereon and rotatable in one
direction; a corona charging means for charging the
photoreceptor surface therewith; a light radiation
means for illuminating a surface of an original to be
copied; an optical system for introducing an imagewise
light to an exposing station positioned at a predeter-
mined position along and apart from a circumferential
path of the photoreceptor body; and an erasing means
for erasing the residual electrical charge on the photore-
ceptor surface therewith and positioned relatively prior
to the position of the electrical charging means with
respect to the direction of rotation of the photoreceptor
body so that the residual electrical charge is electrostat-
ically erased before the successive electrical charge is
imparted by the corona charging means, the above-
mentioned photoreceptor charge control arrangement
employed for any kind of electrophotographic copying
apparatus and comprising;

(a) a supplementary exposing means positioned be-
tween the position of the corona charging means and
the position of the exposing station, to thereby provide
a predetermined amount of light onto a predetermined
circumferential portion of the photoreceptor surface
already electrically charged with the corona charging
means, wherein the predetermined amount of light is
equivalent to a specific amount of light radiated from
the light radiation means for substantially reproducing
the original portion having the picture density of the
minimum reproducible level for a respective copying
process to be concerned;

(b) a surface potential detecting means selectively
substantially juxtaposed or placed close by the exposing
station and disposed immediately before the position of
the exposing station with respect to the direction of
rotation, to thereby detect the surface potential of the
predetermined circumferential portion of the photore-
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4

ceptor already exposed with the supplementary eXPOos-
ing means; and

(c) a control circuitry means capable of controlling
the amount of light provided by the light radiation
means in response to the variation of surface potential
detected by the surface potential detecting means.

Moreover, as far as the surface potential detecting
means 1s concerned, a typlcal means according to the
present invention comprises a shielding member having
an aperture facing the predetermined circumferential
portion of the photoreceptor surface at one side thereof
and including a sheet of a high electric insulating mate-
rial disposed on the aperture, a detection. electrode de-

posited on the sheet, a relay circuit means, a first ampli-

fier provided with high level input impedance and low
level offset current characteristics; a second amplifier
for amplifying an output from the first amplifier; a zero
compensating circuit means connected. to the second
amplifier; a zero compensating electrode spaced be-
tween the predetermined circumferential portion men-
tioned above and the aperture; and respective timing
signal input terminals for permitting respective signals
for the relay circuit means and the zero compensating
circuit means to be impressed therethrough, respec-
tively. More specifically, the .shielding member 1is
grounded, and the sheet is capable of being grounded
through the relay circuit means in response to the signal
impressed onto the relay circuit means. Furthermore,
the first amplifier and the detection electrode are re-
spectively connected to the relay:circuit means, and the
zero compensating -electrode is grounded and 1s mov-
able to recede from the space between the predeter-
mined circumferential portion mentlened above and the
aperture. :

By the arrangement as described in the foregoing,
according to the photoreceptor charge control arrange-
ment of the present invention, irrespective of the sur-
face condition of photoreceptor, a respective compari-
son of the detected surface potential with respect to the
fixed reference is effected with the help of the control
circuitry means and is capable of effectively providing
an appropriate control signal which can be employed to
compensate the amount of exposure of the exposure
source. |

BRIEF DESCRIPTION OF HTHE DRAWINGS

These and other objects and features of the present
invention will become apparent from the following
description taken in conjunction with the preferred
embodiment thereof with reference to the aceompany-
ing drawmgs in which; - |

FIG. 1 is a partial schematic sectlonal view of an
electrophotographic copying apparatus of a latent
image transfer type in conjunction with one embodi-
ment of a photoreceptor charge control arrangement
according to the present invention; .

FIG. 2 is a partial side view similar to FIG. 1, particu-
larly showing the locational relationship between a
portion for detection of surface potential on the photo-
receptor surface and a sensing portlon of an electrome-
ter; S
FIG. 3 1s a bleck diagram of a control circuit of a
photoreceptor charge control arrangement according
to the present invention.

F1G. 4 1s a graph showing the Spe01ﬁe behavior of the
surface potential on the photoreceptor with respect to
the number of copies made during a consecutive copy-
ing run and particularly illustrating the comparison
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between the correlation obtained by the control method

according to the present invention and that obtained by
the prior method; -- |

FIG. § 1s a graph showmg respective correlatlcns-

between the surface potential on the photoreceptor and
the amount of exposure, with the environmental condi-
tion relating to the: phctoreceptor being chosen as a
parameter;

FIGS. 6a to 6d are graphs respectlvely showing a
correlation between the amount of exposure and the
surface potential, with the amount of exposure for the
portion for detection being respectlvely chosen as a
parameter -

FIG. 7 is a schematic view of one embedlment of an
electrometer according to the present invention; |

FIG. 8 is a view similar to FIG. 7, particularly show-
ing one simplified schematic view of one modified em-
bodiment of an electrometer, with respective timing
- signal input terminals for permitting respective actuat-
ing signals for respective relay and zero compensating
circuit to be impressed therethrough beln g specifically
included; o |

FIG. 9 is a time chart particularly shcwmg the de-
tailed features of the respective actuations for actuating
respective relay and zero compensating circuits as de-
scribed in connection with FIG. 8; e

FI1G. 10 is a block diagram of the zero compensatmg
circuit according to the present invention,

FIG. 11 is a schematic view of one modified embodi-
ment of the electrometer; as shown in FIG. 7; accerdln g
to the present invention, |

FIG. 12 is a schematic view of one further mcdlﬁed
embodiment of the electrometer, as shown in FIG. 11,
according: to the present invention,

FIG. 13 i1s-a schematic view of one further embodl-
ment of an electrometer, |

FIG. 14 1s a graph showing a surface potentlal distri-
bution specifically effected on the portion for detection
of the surface potential in preparation for measuring the
surface potential with the electrometer as shcwn in
FIG. 13, and |

FIG. 15 is a schematic view of one modified embodi-
ment of the electrometer shown in FIG. 13. |

Before the description of the present invention pro-
ceeds, it is to be noted that like parts are designated by
like reference numerals throughout several v1ews of the
accompanying drawings. - |

DETAILED DESCRIPTION OF THE
INVENTION

Referring now to FIG. 1, there is shown a partial
schematic side sectional view of an electrophotographic
copying apparatus of latent image transfer type in con-
junction with the present invention. *

The copying apparatus mentioned above at least
comprises a photoreceptor drum 1, and the other de-
vices employed for performing respective operations of
the electrophotographic copying process and including
an electric charger or corona charger 2, a supplemen-
tary exposing device 3, or an electrometer surface po-
tential detector 5 out of contact with the surface being
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measured, a supporting member 6, a transferring roller |

7 and an eraser 8, each of which 1s successively disposed
around an outer circumference of the photoreceptor
drum 1 mentioned above.

- Further referring to FIGS. 2 and 3 there is shown a
detailed construction of the arrangement according to
the present invention, wherein an exposure light pro-

65
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jecting portion 4 of the supplementary exposing device

3 and the probe of the electrometer 5 are both arranged
to be spaced from each other in positions above one of

the lateral sides of the photoreceptor drum 1 while both

being apart from the outer surface of the photoreceptor
drum 1. The electrometer S thus spaced is to detect the
surface potential prevailing on a portion 10 for detec-
tion onto which the exposure light projected via the

exposure light projecting portion 4 is arranged to be

projected as specifically shown in FIG. 2. As is clear
from FIGS. 2 and 3, the imagewise light of an original
to be copied (not shown) illuminated by an exposure
source 9 is successively ‘projected onto an exposure
portion 11 on the photcreceptcr drum 1, while the
exposure portion 11 is always laterally extended from
the portion 10 for detection. -

With reference to the arrangements of the electro-
photographic copying apparatus as described in the
foregoing, the electrophotographic density control
method according to the present 1nvent10n 1s detalled
hereinbelow. | |

"To begln with, the whcle surface of the phctcrecep-
tor drum 1 is charged by the charger 2, while the charg-
ing is to be relatively effected in accordance with the
clockwise rotation of the photoreceptor drum 1. Fol-
lowing the further rotation of the photoreceptor drum
1, only the portion 10 for detection, which is provided
at the lateral end circumferential portion of the photore-
ceptor drum 1 as mentioned earlier, consecutively be-
gins to be exposed with the help of the supplementary

exposure source 3. Successively, the imagewise reflec-

tion caused by the radiation-light coming from the ex-
posure source 9 and reflected on an original (not shown
here) is to be projected onto the portion 11 relatively
fixed as mentioned above in a consecutive manner.

- In accordance with the rotation of the photoreceptor
drum 1, the portion 10 for detection is naturally simulta-
neously rotated, and therefore, the surface potential of
the segment of the portion 10 for detection coming
beneath the electrometer 5 in succession is detected in a
consecutive manner. The successive signals output from
the electrometer 5 are input into a control circuit 13
through an amplifier 12. The above-mentioned signals
indicative of the respective levels of the surface poten-
tial are consecutively compared with a fixed reference
voltage, i.e., a surface potential of the portion 10 for

“detection which is detected by the electrometer 3, after

being exposed to a specifically predetermined amount
of exposure (Lux-sec) effected with the supplementary

radiation source 3. In consequence of the comparison

mentioned above, if there is-the voltage difference be-
tween the detected surface potential and the fixed refer-
ence mentioned above due to the influences caused by
the environmental variations. of temperature and/or
humidity characteristics; or by continuous copying

runs, the voltage (or the electric current) of an electric

source 14 for the exposure source is arranged to be
selectively increased and decreased subject to the resul-
tant difference mentioned above..

- The spacing position.of the electrometer 5 is not

necessarily juxtaposed in a manner as described earlier,
but can be spaced in a position immediately before the

portion of the exposure portion 11.
- Generally, following an increase of in the number of

consecutive copying runs, the surface potential prevail-

ing on the partial area on the photoreceptor where a
-relative lower image-density portion of the original has
been electrostatically latently imaged is gradually in-
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creased with consecutive copy runs, if appropriate com-
pensation is provided for the prevention of the occur-
rence of the above-mentioned undesirable features
(more specifically, the phenomenological characteris-
tics as shown by a respective x dots in FIG. 4). How-
ever, according to the present invention, since the elec-
tric voltage of the electric source 14 for the exposure
source 9 is capable of being increased up to an optimum
value with respect to the predetermined reference value
in response to the gradual increase of the surface poten-
tial, the surface potenttal of the photoreceptor surface,
onto which the imagewise light is to be projected, can
be held constant in any conditions of the photoreceptor
constituting the photoreceptor drum 1, the feature of
which is specifically shown by [ dots in FIG. 4.

Referring now to FIG. 5, there 1s shown a correlation
between the surface potential (V) of the photoreceptor
constituting the photoreceptor drum 1 and the amount
of exposure (Lux-sec), with the environmental condi-
tion relating to the photoreceptor being chosen as a
parameter of this correlation.

More specifically, in FIG. 3, a correlation denoted by
@ shows the results obtained in an atmospheric condi-
tion of a tempfer‘ature of 5° C. and a humidity of 30%,
just after one hundred copying runs being completed; a
correlation denoted by (b) shows the results obtained in
an atmospheric condition of a temperature of 25° C. and
a humidity of 45%, just after one hundred copying runs
being completed; a correlation denoted by (c) shows
the results obtained in an atmospheric condition of a
temperature of 35° C. and a humidity of 85%, just after
one hundred copying runs being completed; and a cor-
relation denoted by (d) shows the results obtained in an
atmospheric condition of a temperature of 35° C. and a
humidity of 85% without carrying out any copying run.
As may be clear from FIG. §, the respective correlation
has a correlating vertical width of surface potential in
respect to a fixed certain value of the amount of expo-
- sure. However, this 1s due to the fact that since the
thickness of the photoreceptor layered onto the drum is
not uniform and, is circumferentially different from
point to point on the drum mentioned above, the exact
reproduction of the results can not be expected by the
measurements carried out in the course of rotation of
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the photoreceptor drum for every ﬁxed value of amount 45

of exposure.

Furthermore, according to the respective correla-
tions obtained below with an exposure of 7 Lux-sec as
well as the respective correlations obtained above with
an exposure of 10 Lux-sec, not only are the respective
correlations for various measuring conditions superim-
posed with respect to each other, but also the respective
variations of the surface potential in accordance with
the variation of exposure are not very steep. Therefore,
as far as the respective ranges as mentioned above, the
- amount of exposure can not be specifically compensated
subject to the measurements of surface potential accord-
ingly even through the arrangement of the present in-
vention.

Referring now to FIGS. 6a to 6d there are shown
other experimental results, which were experimented in
connection with the present invention. In the respective
experimental run, the surface potential was detected on
the photoreceptor 1, which was first uniformly charged
and then, consecutively exposed for the respective,
specifically predetermined amount of exposure, with
the amount of exposure for the portion for detection
being respectively chosen as a parameter. By the experi-
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ments as mentioned above, the optimum amount of
exposure was determined for the portion for detection,
which is specific for the arrangement of control cir-
cuitry according to the present invention and is capable
of constantly effecting the ideal surface potential of 550
V, . irrespective of the environmental condition and
without including not so much control difficulties. The
specific surface potential of 550 V mentioned above i1s
the voltage level corresponding to the level which is
high enough for making any original images including
rather lower image density portions therein to be repro-
ducible even in consecutive copying runs. However, 1t
is to be noted here that the specific surface potential of
550 V 1s not critical for every electrophotographic
copying process. As 1s clear from the results as de-
scribed 1in FIGS. 6a to 64, when the specific amount of
exposure for the portion for detection is to be 9 Lux-sec
as shown in FIG. 6¢ the correlation between the
amount of exposure and the surface potential is specific
and shows a linear relationship. Therefore, such being
the case as mentioned above, even if the measured sur-
face potential of the photoreceptor does not fall on the
value of 550 V, the above-mentioned value of the sur-
face potential of the photoreceptor can be easily com-
pensated by successive adjusting the luminance of the
exposure source in a direct proportional manner with
respect to the measured surface potential. More specifi-
cally, under any environmental condition, if the amount
of exposure for the portion for detection, which is
equivalent to that rendered when radiated by the radia-
tton to be effected by the supplementary radiation
source 3, i1s approximately adjusted to the level of the
above-mentioned optimum amount of exposure, the
surface potential to be rendered by the photoreceptor
can be easily held constant at the, predetermined level,
with the amount of exposure from the radiation source
9 being simultaneously compensated in a fairly easy
mode according to the present invention.

- Referring now to FIG. 7, there 1s shown one embodi-
ment 3 of an electrometer according to the present
invention.

The electrometer 5§ mentioned above comprises a
shielding member 19 including a sheet 15 of a lmgh
electric insulating material such as Teflon (name used in
trade) disposed on an aperture 194, with a detection
electrode 16 being layered by a gold deposition method
on the sheet 15 mentioned above, a relay 17, an ampli-
fier 18 provided with a high level input impedance and
a low level offset current characteristic; another ampli-
fier 20 for amplifying the output from the above-men-
tioned amplifier 18; a zero compensation circuit means
21; and a zero compensating electrode 22 to be spaced
between the photoreceptor drum 1 and the sheet 15 of
a high electric insulating material.

The shielding member 19 is directly grounded, whlle
the detection electrode 16 located on the high insulating
sheet 15, which is arranged to be disposed onto the
aperture 19q provided for the shielding member 19, is
capable of being grounded through the relay 17 men-
ttoned above.

Furthermore, the amplifier 18 together W1th the de-
tection electrode 16 are both connected to the relay 17.
As described in the foregoing, the electrometer S is
arranged to be disposed above one lateral end of the
photoreceptor drum 1, and the aperture 19¢ mentioned
above is arranged to be positioned against the portion 10
for detection, which has already been exposed to the
predetermined amount of exposure (Lux-sec) effected
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with the supplementary radiation source 3. As is clear
from the description in the foregoing, the electrometer
5 according to the present invention is specifically char-
acterized in the following specific two points. That is {0
say, zero resetting 1s arranged to be performed in an
exact manner with the help of the functioning of the
zero compensating circuit 21, which 1s specifically in-
corporated in a forwarding disposition 1n respect to the
amplifier 20. Furthermore, according to the electrome-
ter 5 of the present invention, the high insulating sheet
15 1s disposed between the detection electrode 16 and
the object whose surface potential 1s to be detected, so
that the occurrence of the electric current leakage 1s
prevented within the circuitry arrangement of the elec-
trometer. |

More specific features of the present electrometer §

are successively described hereinbelow in conjunction

with the description just mentioned above. Referring
now to FIGS. 8 and 9, there are shown one simplified
schematic diagram of the arrangement for measuring
the surface potential by the electrometer, with respec-
tive timing signal input terminals (a) and (b) for permit-
ting the actuating signals for the respective relay
contact 17’ and the zero compensating circuit 21 to be
impressed therethrough being specifically included, and
a time chart representing the detailed features of the
respective actuations mentioned above. As may be clear
from FIG. 9, when the zero reset performed, the detec-
tion electrode 16 is made to face the grounded electric
potential, 1.e., the zero point, with a relay contact 17,
being in a closed condition. Beginning with the situation

as mentioned above, upon a signal being impressed onto

the terminal (a) at the time of t;, relay contact 17’ is
opened. Subsequently, the pulse for actuating the zero
compensating circuit 21 is impressed onto the terminal
(b) at the time of t3. After the completion of the trailing
edge of the pulse mentioned above, the surface of the
object to be detected is arranged to face the detection
electrode 16. With respect to the zero compensating
circuit 21, the detailed construction of the zero compen-
sating circuit 21 according to the present invention is
specifically shown in FIG. 10, wherein a sample and
hold circuit means (SH) is included. The sample and
hold circuit means (SH) is capable not only of being in
an operation mode, but also capable of simultaneously
sampling the input, as long as the timing signal is input
through the terminal (b). The output from the sample
and hold circuit means (SH) is to be impressed into a
differential amplifier 101, where it is compared with the
detected surface potentlal Hereby, even if the zero
point is varied in association with the impression of the
timing signal for causing the relay contact 17’ to be
opened, the output from the zero compensating circuit
21 1s the difference between the sample and hold value
and the momentary value correspondingly detected at
the moment whereat the sample holding is executed.
Therefore, as a matter of fact, since the difference as

~ mentioned above is substantially equal to zero, the pre-

- cise zero adjustment is always effected in spite of the
occurrence of timirnig actuation of the opening actuation
of the relay contact.

The respective timing signals for actuating the relay
17 and the zero compensating circuit means 21 are ef-
fected with the help of conventional signal generators.
However, more specifically, if an A/D converter, a
digital memory circuit and a digital comparator are
respectively employed for the input means for the zero
compensating circuit 21, the sample and hold circuit
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and the differential amplifier, and these are combined
with a microcomputer means to be incorporated in the
arrangement of the present invention, a successive con-
trol for the detection of the surface potential is system-
atically accomplished through the use of a tram of actu-
ating timing signals. |
Referring back to FIG. 7, in the case of measuring the
surface potential of the portion 10 for detection with the
arrangement according to the present invention, the
relay 17 mentioned above is first actuated so as to
ground the detection electrode 16 and subsequently, the
zero compensation electrode 22 is moved so as to be
temporarily disposed above the photoreceptor drum 1
mentioned above. However, such being the case, since
the zero compensating electrode 22 is held at an electri-
cal potential of zero, the electric potential detected by
the detection electrode 16 is naturally zero. The relay
17 1s subsequently actuated so as to cause the detection
electrode 16 to be placed 1n a non-grounded condition.
Such being the case, the sample and hold signal is

input into the zero compensating circuit means 21

thereby to hold the output from the detection amplifier
18, whereby the difference between the outputs of re-
spective held value mentioned above and the output
from the detection amplifier 18 is output at a terminal
denoted by an OUT as spemﬁcally shown in FIG. 7. As
is clear from the description in the foregoing, if the
output from the zero compensating circuit means does
not show the zero electric potential due to the noise
involved in association with the actuation of the relay
17 mentioned above and/or offset voltage effected for
the amplifier 18, the output electric potential is arranged
to be compensated through the above-mentioned held
signal with the help of an arithmetric circuit, thereby to
effect the output electric potential of zero.

As for the subsequent step of detection of the surface
potential, the above-mentioned zero compensating elec-
trode 22 is receded from the aperture 19a provided for
the shield 19, and then, the surface potential of the
photoreceptor is detected. The output value thus ob-
tained is input into the control circuit means 13 via the
amplifier 12 disposed before the control circuit means
13 mentioned above, wherein the output mentioned
above 1s compared with the fixed reference, so that a
control signal employed for compensating or control-
ling the voltage (or the electric current) level impress-
ing into the radiation source 14 i1s provided as specifi-
cally shown in FIG. 3. |

The detection electrode 16 and the amplifier pro-
vided with a high level input impedance 18 used as the
constituents of the detecting system are quite sensitive
to changes 1n the humidity or other surrounding ambi-
ent conditions. Therefore, since the value of the surface
potential to be detected tends to decrease due to the
occurrence of the leakage involved in the detection
system mentioned above in a high humidity condition,
the electrometer of the present invention is enclosed as
a whole by the shield 19 and thus, 1s sheltered from the
surroundings, so that the error involved in the measure-
ment 1s as small as possible. Furthermore, even if ozone
generated by the charger 2 disposed in the vicinity of
the arrangement of the surface potential detection 1s to
attack the arrangement mentioned above, the undesir-
able influences, which would be otherwise effected
onto the electrometer mentioned above, can be avoided

owing to the fact that the shield 19 itself 1s grounded.

In spite of the specific provision of the zero compen-
sating electrode 22 as mentioned above, as long as the
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variation of residual electric potential of the photore-
ceptor with respect to a certain reference 1s not so large
for the consecutive runs when compared with the re-
spective variations of the surface potential on the photo-
receptor correspondingly rendered in succession by the
respective portions of low picture image densities of the
respective originals, the provision of the zero compen-
sating electrode 22 is not necessarily included in the
‘electrometer mentioned above subject to the condition
that the fixed reference of zero is always compensated
to the respective values of the residual electric potential
themselves. ..

Referring now to FIG. 11, there is shown a modified
embodiment of an electrometer aecordmg to the pres-

10

ent invention, wherein the electrometer 1s composed of 15

two separately provided, shielded portions 19 and 23.
More specifically, according to this modified embodi-
ment, the electrometer comprises the detection elec-
trode 16 disposed inside the first shielded portion 19,
and the respective amplifier 18 and relay 17 respectively
disposed within the second shielded portion 23. By the
arrangement as described above, since only the detec-
tion electrode 16 and its shield 19 are disposed above
the location of the photoreceptor drum 1, the resultant
electrometer is very compact, thus permitting a substan-
tial portion of the electrometer to be disposed in a rather
narrow space.

Referring now to FIG. 12, there 1s shown a further
modified embodiment of an electrometer according to
the present invention. According to the embodiment
mentioned above, instead of the amplifier 18 and relay
17, a supplementary electrode 25 is disposed within the
second shield 23, wherein the surface potential detected
with the help of the detection electrode 16 disposed
within the first shield 19 is detected by an electrometer
specifically provided for the present embodiment. In
consequence of the arrangement of the present embodi-
ment, in addition to the advantages as mentioned in
relation with the embodiment shown in FIG. 11, the
present embodiment makes it possible to promote the
reproducibility of the measurements.

Referring now to FIGS. 13 and 15, there are shown
still further embodiments of the surface potential detect-
ing arrangements or electrometers, wherein a conduc-
tive roller probe 200 is disposed in physical contact with
the surface of the photoreceptor 1, so that the resultant
electric current is introduced into a detection circuit
(not shown here).

As for one of the disadvantages inherent 1n measure-
ment with the electrometer of the type mentioned
above, an undersirable electric current caused by an
extraordinary discharging phenomenon is often specifi-
cally involved, thus, having resulted in a faulty mea-
surement of the surface potential of the photoreceptor.
As far as the disadvantages inherent in the arrangement
mentioned above is concerned, the present inventors
have already found out the phenomenological fact that
the extraordinary discharging phenomenon is specifi-
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the electric charger respectively prevailing on the re-
‘spective outsides of both end-sides of the conductive
roller probe 200. Based upon the present finding men-
tioned above, the surface potential detection arrange-
ment of the above-described type is further improved,
wherein the longitudinal length of the surface of the
conductive roller probe 200 in physical contact with the
portion 10 for detection i1s arranged to be substantially
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longer than the lateral width of the portion 10 for detec-
tion, as specifically shown in FIG. 13.

Aecordmg to the present embodiment, the photore-
ceptor 1 is charged with the help of the charger 2
spaced above the photoreceptor in accordance with the
rotation of the photoreceptor 1 as shown in FIG. 13.
Similar to the embodiment as shown in FIG. 2, the
portion 10 for detection is provided at one end circum-
ferential portion of the photoreceptor drum 1. Further-
more, after the photoreceptor 1 is uniformly charged in
a manner as described above, the respective circumfer-
ential portions on both sides of the portion 10 for detec-
tion, which are respectively denoted by B and C, are
specifically exposed in a consecutive manner with the
help of the specific exposure arrangement disposed at a
position which is relatively forward .to the position of
the charger 2 mentioned above. As specifically shown
in FIG. 14, according to the present embodiment, the
exposure step mentioned above is specific, and the re-
spective electric potentials of the portions as denoted by
B and C are degraded from an initial charging value of
Vo to a final charging value of V; through the light
exposure. The final charging value V{ mentioned above
is defined in a value corresponding to the minimum
whereat the surface charge prevailing on the photore-
ceptor 1 is at least transferrable to the conductive roller
probe 200 or a lesser value by appropriately adjusting
the exposure intensity of the specific exposure arrange-
ment mentioned above. The lateral width of the portion
10 for detection is predetermined to be “d:{”, and the
longitudinal length of the conductive roller probe 200 is
substantially “d,”, and these dimensions are arranged to
satisfy the following relationship, i.e., do>d;. For the
specific degradation of the surface potential of the cir-
cumferential portions denoted by B and C due to the
reason as mentioned above, the respective circumferen-
tial portions denoted by B and C are only exposed with
the help of the specific exposure arrangement. The
specific exposure arrangement is an exposure shielding
member, and has a pair of apertures spaced from each
other by the length of di on the member while the re-
spective lateral dimensions being corresponding to
those of the respective segments of B and C respec-
tively, whereby the exposure shielding member 1s prop-
erly spaced between the supplementary exposure men-
tioned earlier and the photoreceptor 1, the respective
circumferential portions denoted by B and C are ex-
posed, with the portion 10 for detection mentioned
above being left in a non-exposure condition accord-
ingly.

Referring now to FIG. 14, there is shown a resultant
surface potential distribution, wherein the surface po-
tential of the circumferential portion having the lateral
width of d; is Vo, while the surface potentials of the
respective side circumferential portions are degraded so
far the value of V.

Owing to the width arrangements Just ‘mentioned
above together with the degradation of respective sur-
face potentials of the circumferential portions denoted
by B and C in a manner as described in the foregoing,
the occurrence of the extraordinary discharging phe-
nomenon can hardly be involved in the measurements
any more and thereby, the surface potential can be now
precisely detected.

Referring now to FIG. 15, there is shown a modified
embodiment of the embodiment shown in FIG. 13,
wherein the width of the portion 10 for detection 1s
predeterminedly adjustable so as to specifically prevent
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the occurrence of the measurement errors as.specifi-
cally indicated in relation with the former embodiment
as shown in FIG. 13.

More specifically, accordlng to the present embodi-

ment, a shield means 120 having a slit 120a of the width

of di is spacedly disposed between the charger 2 and the
photoreceptor 1, whereby the corresponding width of
d; for the portion for detection is. only charged by the
charger 2 mentioned above.

Although various types of electrometers accordmg to
the present invention are described in the foregomg, as
specifically shown in FIG. 3, the successive detection

10

signals of the surface potential of the photoreceptor

drum 1, which are output from the electrometer 5, are
resultantly input into the control circuit means 13
through the amplifier 14, 1rrespeetlve of the type of the
electrometer to be employed. The above-mentioned
signals indicative of the respective levels of the surface
potential are consequently compared with the fixed
~voltage, whereby if there 1s a voltage difference be-
tween the detected surface potential.and the fixed refer-
ence due to the influences of the variations of tempera-
ture and/or humidity characteristics and/or the occu-
rance of continuous copying runs, the voltage of the
electric source for the exposure source are compensated
subject to the resultant difference mentioned above.

As is clear from the description in the foregoing, the
specific circumferential portion on the uniformly
charged photoreceptor is first exposed with the refer-
enced exposure source and subsequently, the surface
potential of the circumferential portion mentioned
above is detected either at the relative position immedi-
ately before the position for the imagewise light expos-
ing station or at the position corresponding to the posi-
tion of the station mentioned above, so that the succes-
sive comparison of the surface potential thus detected
with the fixed reference is capable of effectively provid-
ing the appropriate control signal which can be em-
ployed to compensate the amount of the exposure of the
exposure source, irrespective of the surface condition of
the photoreeeptor

Furthermore, in addition to the advantages as men-
tioned above, since the surface potential detection
prove or portion constituting the electrometer is posi-
tioned 1n proximity of the imagewise light exposing
station or at the position corresponding to the position
of the station mentioned above, the integrating circuit
means and the like for preventing the occurrence of the
electric oscillation phenomenon to be often effected in
the control circuitry subject to the control time lag are
not necessarily included, thus resulting in a further
advantage wherein the present invention can be ‘ef-
fected at a low cost.

Although the present invention has been fully de-
scribed by way of example with reference to the accom-
panying drawings, it is to be noted that various changes
and modifications are apparent to those skilled in the
art. Therefore, unless otherwise such changes and mod-
ifications depart from the scope of the present inven-
tion, they should be construed as included therein.

What is claimed is:

1. In an electrophotographlc copying apparatus
which at least comprises a photosensitive member hav-
ing a photoreceptor surface thereon while being rotat-
able in one direction; a corona charging means for
charging said photoreceptor surface therewith; a light
radiation means for illuminating a surface of an original
to be copied therewith; an optical arrangement for in-

15

20

23

30 .

35

40

45

50

5

60

65

14

_troducing -.an imagewise light to an exposing station
positioned at a predetermined position along and apart
from a circumferential path. of said photoreceptive
-member; and an erasing means for erasing the residual
~electrical charge on said photoreceptor surface there-

with while being positioned relatively prior to the posi-
tion of said corona charging means with respect to the
direction of rotation of said photoreceptive member so

that said residual electrical charge 1s electrostatically

erased before the successive electrical charge is to be
imparted with said electrically charging means, a pho-
toreceptor charge control arrangement to be employed

for said electrophotographic copying apparatus which
- comprises;

{a) a supplementary e};posmg means for projecting a
- predetermined amount of light onto a predeter-
mined circumferential portion of said photorecep-
tor. surface having been already electrically

- charged with said corona charging means, said

- supplementary exposing means being positioned

- between said position -of said corona charging
means and said position of said exposing station
while being along and apart from said circumferen-
tial -surface of said photoreceptive member, said
predetermined amount of light being equivalent to
a specific amount of light radiated from said light
radiation means for substantiailly reproducing the
original portion having the image density of the
‘minimum reproducible level for a respective copy-
ing process to be concerned;

(b) a surface potential detectmg means for detectmg
the surface potential of said predetermined circum-
ferential portion of said photoreceptor having been
already exposed with said supplementary exposing
means, said surface potential detecting means being
placed at said exposing station and being disposed
immediately before said position of said exposing
station with respect to said direction of rotation;
and

(c) a control circuitry means capable of controlling
said amount of light to be given by said light radia-
tion means in response to the variation of surface
potential detected by said surface potential detect-
Ing means.

2. A photoreceptor charge control arrangement as

claimed in claim 1, wherein said surface potential de-

tecting means comprises a shielding member having an
aperture facing said predetermined circumferential por-
tion of said photoreceptor surface at one side portion
thereof and including a sheet of a high electric insulat-
ing material disposed on said aperture, a detection elec-
trode deposited on said sheet, a relay circuit means, a

first amplifier provided with a high level input impe-

dance and a low level offset current characteristics; a
second amplifier for amplifying an output from said first
amplifier; a zero compensating circuit means connected
with said second amplifier; a zero compensating elec-
trode to be spaced between said predetermined circum-
ferential portion of said photoreceptor surface and said
aperture; and respective timing signal input terminals
for permitting respective signals for said relay circuit
means and said zero compensating circuit means to be
impressed therethrough, respectively, said shielding
member being grounded, with said sheet being capable
of being grounded through said relay circuit means in
response to said signal impressed onto said relay circuit

means, said first amplifier and said detection electrode

being respectively connected to said relay circuit
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means,

grounded and being movable to recede from a space
prevailing between said predetermined circumferential

said zero compensating electrode being

portion of said photoreceptor surface and said aperture.

3. A photoreceptor charge control arrangement as
claimed 1n claim 1, wherein said surface potential de-
tecting means comprises a first shielding member hav-

ing an aperture facing said predetermined circumferen-

tial portion of said photoreceptor surface at one side
portion thereof and including a sheet of a high electric
insulating matertal disposed on said aperture and a de-
tection electrode deposited on said sheet; a second
shielding member including a relay circuit means and a
first amplifier provided with a high level impedance and
a low level offset current characteristics; a second am-
plificr for amplifying an output from said first amplifier;
a zero compensating circuit means connected with said
second amplifier; a zero compensating electrode to be
spaced between said predetermined circumferential
portion of said photoreceptor surface and said aperture;
and respective timing signal input terminals for permit-
ting respective signals for said relay circuit means and
said zero compensating circuit means to be impressed
therethrough, respectively, said first and second shield-
ing members being respectively grounded, with said
sheet being capable of being grounded through said
relay circuit means in response to said signal impressed
onto said relay circuit means, said first amplifier and
sald detection electrode being respectively connected
to said relay circuit means, said zero compensating
electrode being grounded and being movable to recede
from a space prevailing between said predetermined
circumferential portion of said photoreceptor surface
and said aperture.

10

15

20

235

30

35

40

45

50

35

60

65

4,284,344

16

4. A photoreceptor charge control arrangement as
claimed in claim 1, wherein said surface potential de-
tecting means comprises a first shielding member hav-
Ing a first aperture facing said predetermined circumfer-
ential portion of said photoreceptor surface at one side
portion thereof and including a high electric insulating
material disposed on said aperture and a detection elec-
trode depostted on said sheet; a second shielding mem-
ber having a second aperture at one side portion thereof
and including a supplementary electrode for detection;
and an electrometer facing said supplementary elec-
trode through said second aperture, said detection elec-
trode and said supplementary electrode being con-
nected with respect to each other with said first shield-
ing member being grounded.

5. A photoreceptor charger control arrangement as
claimed in claim 1, wherein said surface potential de-
tecting means comprises a sample hold circuit means for
holding a value detected as a sample hold value in re-
sponse to a timing signal arbitrarily input thereto, and a
comparator circuit means for comparing a value de-
tected simultaneously with said sample hold timing with
said sample hold value, a zero adjustment of said poten-
tial detecting means executed in response to an output
from said comparator circuit means.

6. A photoreceptor charger control arrangement as
claimed in claim 1, wherein said surface potential de-
tecting means comprises a conductive roller probe and
a means for adjusting the width of a circumferential
portion of said photoreceptor for said detection, the
width of said roller probe rolling on said circumferen-
tial portion being substantially wider than said adjusted

width of said circumferential portion for detection.
* % * L L
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